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Abstract The present study investigated the effect of addition of apple polyphenols
on the color values, pH, hardness, in vitro digestibility, and syneresis of corn starch
gels. Corn starch gels supplemented with various amounts of polyphenols (0%,
0.03%, 0.06%, 0.13%, 0.27%, 0.53%, and 1.06%) isolated from young fuji apple fruits
were prepared, and their quality properties were determined. The L and h® values
of corn starch gels decreased but the a” and b” values increased with the increasing
amount of apple polyphenols. Further, the pH of corn starch gels decreased with
the increasing amount of apple polyphenols. The amount of apple polyphenols
added did not affect the initial hardness of corn starch gels;
concentrations of apple polyphenols exceeding 0.27% delayed the hardening of
stored starch gels. Finally, the addition of apple polyphenols up to 0.27%
decreased in vitro a-amylase digestibility but increased the syneresis of corn
starch gels during the freeze-thaw process. Overall, the addition of apple
polyphenols affected the quality parameters of corn starch gels. These findings can
serve as a reference for apple polyphenol application and starch processing.

however,

Keywords apple polyphenol, corn starch, gel, color, hardness

1. M2
A R 2

o) Aol gob 7154 2AEA FES

BAFLE AR Sl Fol, Aol§ nld&nte] B9 Edus
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7E o]F Bl Aol AR nls At EEE S EE AR 7HEY 1R
At 7|thEct.

233


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2022.29.2.233&domain=pdf&date_stamp=2022-4-30

Quality of corn starch gel with apple polyphenols

AEE GO g o|Fo|Z] At BAZA Al&EoA 7}
A S5 A% tdRolH, a-1,4 glycoside 2% 0= ]

2ojA ofdZ AL AAF9] ¢-1,4 glycoside AF&ol -
1,6 glycoside X4} AgtOZE o]Foj7] ol HE 0 F
TE HAE2 A0l et olgfety, gE&EA], 58 ¢
L3} §4 5] 2, ol & or FHA|, A,
AsHA), F2A 59 &2 AFEEHSingh 5, 2003). &
oh, oA AR A 4FQ Folghe FEAELE:
XﬂZ\_EIE}(Kweon , 1992). oA AEo] thHA A A
8 olf= BAAE0] FAATZRE TEo] As 3

**OPL d8< 7H7] dleeld:. 12y native o] 7}
A= A FAs0le AL Yol 22y 34 WA A
£ StAW(Hedayati®t Niakousari, 2018; Wang %,
2013), A7Fed#] EAAE B4 ol A= Aot
(Chi %5, 2019; Deng 5, 2021; Krystyjan 5, 2015; Ma
%, 2019; Majzoobi 5, 2016; Martinez &, 2015). ©]
2ot i EQAIE FActke A7HEEA AR £ Hle
24k &S ACE adE AR ojet #HE A=
= A EHEE A7 AR Ho|AEY] FEEA] E4

S ZARE B3(Chou 5, 2019) Fxof Edotal, Al &
gHlE-dE 53 A9 ookt ojstety £ 4o et
FE= nEgt AAolth

eba B Aqts AR EYusl HrEel S5 A
= A9 A% pH, Ak, &%ks ¥ olfE 59 F4 E4
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488 AT Felulse AdE WP 27 el
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& A (HP- 20)01 A & oRtEe AN 0}04 &=
1o o1y x

SZAAZX7|(FD SFDSM12, Samwon, Seoul, Korea)i
-45TC W AZAZ & BOYE R Aot} o] Ede

S 2 85%5 YR &4 A#-2 Samchun
Pure Chemical Co.(Pyeongtaek, Korea)o|4], Folin-
Ciocalteu reagent® Junsei Chemical Co.(Tokyo,
Japan)ol4l, chlorogenic acid®} e-amylase® Sigma-
Aldrich Chemical Co.(St. Louis, MO, USA)°A 22+

Fstol AL

2.2. M2 ZFejl=-tF S5 4 HE
At ZE)lsg B3t Ao 0%, 0.03%, 0.06%, 0.13%,
0.27%, 0.53%, 1.06%% FFEES FF5ol| 22t o]
1, o]0 g ARG 10% ZAAZ] & AFgFLeez
(95T, 130 rpm)°llAl 3087t 7HEstar, 4ColA 147 3
ZIA AL ARSI o|FA Al EdHlEY] M7
gejoto] A x5 At EPElE-Sg AR B3 A9 A
%12 Fig. 19 YERH AT

2.3 ZH= 23 5&

At EejEls 2O Al Eduls-AE 55 Ao S|

& L Folin-Ciocalteu(Singleton¥} Rossi, 1965)2.
2 Sk &, AN 2 mLoj| Folin-Ciocalteu reagent
2 mLE 7Fokal 383 B ths 10% NapyCOs 89 2 mL
£ 7Fsldnt. o]& 1A17F HA|AIZ] & spectrophotometer
(UV1800, Shimadzu, Kyoto, Japan)E ©]&3}o] 760 nm
oA &TFzE =431, chlorogenic acid EZFE
(Whang 5, 2001)°.2 AFAL 2H4dste] FFstAct.

0.27% 053%  1.06%

Fig. 1. Photographs of corn starch gels added with different concentrations of apple polyphenols.
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24. pH =&

At Eews-HE B3 A0 pHE A8 YY) 5
5 7hota, w5, o3t o pH meter
(Delta320, Mettler-Toledo International Inc., Shanghi,
China)E °©]&sto] S5t

2.5 Y& 5F

A= AM2HA(CR-400, Konika Minolta Inc., Tokyo,
Japan)2 AFESH] CIE L, a', b, h°, C3S Z+2 2435}
gk L' lightnessE, +a 9t -aZ2 redness®t
greennessZ, +b' 9 -b'FS yellowness?t blueness=
Zyzy yebditt, hogh AA(red-purple: 0°, yellow:
90°, bluish-green: 180°, blue: 270°)& YeFH L, a)0,
by0ol® he=tan"!(b/a)E, a<0, by0°]H h°=180°+
tan'(b/a) .2 Z7t A4t Cge AZE Yehfy,
C=(a™+b?)"2 02 At

26 Jx 5%

e A Az A5 4T A% 3% Fo] rheometer
(Compac-1001I, Sun Scientific Co., Tokyo, Japan)&
ol-gsto] Z}7F ZA4Jsk3ith. Prove(A7 50 mm)E U453
MERZA 27 mm, £°] 15 mm)}< 45 A Jd 13 3
< ALE 71Follon N T2 Yehfqltt ojdf &4
Z702 4= Zol= 8 mm, table speedE 120.0

mm/minl.& Ztz- AAsict.

2.7. In vitro £A3l5 5%

At EYHlE A7bES 23 A2 A 100 mgoll 100
mM sodium phosphate buffer(pH 7.0) 4 mLE ¥il
307t BAIZD thz, o7]9] a4d(e-amylase 210
U/mL) 1 mLE H7Feka, AGggd242(37C, 170 rpm)
oAl €& AlZH30 min, 60 min) ¥-SAIFH T ZF HRS- A]
Zbo] ¢ A& 43S 0.5 mL¥ FHolod 100 mM
NaOH 0.5 mLe} &3Fsto] ¥h-Z AAA7]1L, e4lEe
(4T, 10,000 rpm, 3 min)Ft & F5HS A3t o] &5
9] UG =L Nelson-SomogyH(Somogyi, 1952)
= Aot ARHEEEE maltose)stH

https://www.ekosfop.or.kr

28 0|+ 5%

o4& (syneresis) A9 Y53} oS FHESHHA &
Aottt &, Ao BAE WA =735k, -20CoA 204]
ZF B ¥ AEst 7 30T F5RoA 347 %
sttt olgfet Wt als THS 1Ato[ER Sho] 14}
Zo] B¢ 3 YAEF(4T, 1,107 xg 30 min)dta, A
oA E&jH FES AASIL A9 FAE Z4sto] ot

Hog ol48g AN, FAT AEE F 5A01F7}
o

-

Syneresis (%) = Weight of. separated water %100
Weight of gel

2.9. EAx2/

<= AR 33 HHEAY Y P+ BEHEAE UE
WAL, IBM SPSS statistics(25, IBM Corp., Armonk,
NY, USA)E ol8ste] EAHEAT Duncan’s multiple
range test(p<0.05)E AAISIATY.

3.z ¥ 1%

3.1. Mz 0jxls Fg

AR E2jHEe AVHEE 2Eist] AR e Al
Ao| Al M2 Fig. 13} o] Eelu=e] A7igol S7F
s Ho A% NS He JoE #EHA. ofF
St AR EHlE-Sa AR 59 A9 VA MRS S
3t A= Table 10 Uehhdch

BEg oujshs L'gk2 At EEHE9] Hrieke] 37t
gl w2t A9 Ag2|or H|gste] Yol HlH. o]
+ B g0l 52 =EIEY Aol Eo ZMolqlt=
H(Na 5, 2002)°149F o], S A& A F4doll d
7He AR EFjEEol o't W] 7|ddE Axte 74
o} agkol diet At Eejuls H7HFY] 9% 0.06% A
7HAE aglol #astgloy, ol FREE Hrlegd] A
oz vFsto] F7ree Elo A EHEe] A7t
Fol 0.27%7HAE HAEE Ul -a 3k, 0.53%%5H
£ AAEE defE +a g B4k ol ¥4 Ag

L3t 2ol a3t 54 AR A9 Z2dn AfAol &

[¢]

.
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Table 1. Color of corn starch gels added with different concentrations of apple polyphenols

Apple polyphenols (%) Color parameter

* *

* *

L a b C h°

0 50.05£0.71° -1.38£0.08° -0.38+0.049 9.48+0.05* 261.64+0.42°
0.03 48.95+0.25° -2.200.15¢ -0.6840.66' 2.370.19° 196.35+16.31°
0.06 48.75+0.08° -2.5440.02' 3.3440.17° 4.1940.15° 127.2941.24°
0.13 46.02+0.40° -1.980.12° 8.20£0.51° 8.4410.48° 103.60+1.45°
0.27 43.95+1.03° -0.8540.11° 12.25+0.64° 12.28£0.63° 94.00£0.69%
0.53 42.36+1.21° 2.0240.26° 16.66+1.15 16.78+1.17° 83.10+0.55°
1.06 40.39+1.42° 6.62+0.55° 18.882.87° 20.01+2.88° 70.55+1.39'

Values represent the meantstandard deviation (SD) (n=3). The means within each column by different letters are significantly different by Duncan’s

multiple range test (p¢0.05).

5 9ujgitt. Al EEjHEl MUt 42 S5 AR
A9 b'gho] AurzQl Wl AL, Al ZeHE] 7t
o] Z7i5to] Wi} bgko] folFog Fopye HYou,
I EL 2 HURFoAMET 92 A7l gl F25t
At Al ZE]lis 0.03% H7H7IAE FAEE YER
E-b P2 Yoy, 0.06% A7HEEE FHAEE e

b #S EIt s Y Cge Al £
= 0.03% F7HrolA d2tEo @2 MRS B,
1 ol H7IFREE A7) S7heol M BlAE A
o C'gol oS Bt 181 A4S YeERlE he
F2 At o2 Al |z AUl bt Fashs
AFE B9or, 0.13% A7MH7HAE vl & 2o
A9 oL o] ZREE Hit glegict.

ol/de] At} EjHE9] H7FFol EH &4 HE
Aol Nz Aig B o, Al Z2EHEl drte S5
HE Aol 7AW Yoz WEY, ES I A9 M
% Lge Z2unel AgIAS 714 B 255 B
(Chung 5, 2014)9] H-SolAle} o] ZWE B/t =2
8% 2o oA

-

™

3.2 pHOl Oixl= &

At Bejniso] W7l ejstel Axet 855 AR
Ao pHE 243 ZTe Fig. 29} 2tk L4545 AR A9
pHE FH7FLOIA 6.55% 04 At E8jHE H7HEoA
© 1 ¥ S7tl vt Roldle Hoj, A A8 31
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0.00 0.03 0.06 0.13 0.27 0.53 1.06

Apple polyphenols (%)

Fig. 2. pH of comn starch gels added with different
concentrations of apple polyphenols. Values represent the
meantstandard deviation (SD) (n=3). The means with a
different letter are significantly different by Duncan’s multiple
range test (p¢0.05).

&Rl 1.06% H7HrollAl 4.50 Wetidct. Al E2]9
=9 A7) 95 AR A9 pH7T Wold AL chlorogenic
acid, caffeic acid, p-coumaric acid, ferulic acid &
T} 2 phenolic acids®] 7]91" AORE oAXT}
(Zheng &, 2010). 33} U3} S54 HE A o] A=
acetic acid 710l w2t pH7F WobA, A& #4497
e SANA W5 Bt A Aot 59 224 4d ¥
AS §Est= Aoz BuE v QItiMajzoobi 5, 2016).
o|2H| L= AR A9 pHZL A EFHlE 710l s
o= Ao gRIE|glon, ol axrt Al EejHE-
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S AR 5 A9 Az 3 A% B0l e mE

A0E AZHR, AT olo] Wt A7 Was) Bl

3.3 Z&zof o/xl= g5t
ot S WITE G AT S04

34’ 7}‘:} /\Wr *‘E]Jlﬂ AR 53 A Az 2 3
Hws} B H7ike] i {204l Zjol7} glo] 2
0.09 N =5 Yeff|let. ol2iet At 54 A& A9
AL sucroselt xylitold] H7Ft ¥
H 3 (Martinez 5, 2015)2} S-AFSFSIcE v, g 5o
350l &l % ke 59 AEE AstA7le 2t 3
Th= E1% 9loi(Na &, 2002), A& A Aol tet 7
9] k= W7HEAS B8 AR S50l o4l ZesE A
Zrent, oHH, A4 5 A ALl VM= AEO 5o} 1A
7} = Ao g dHA Q=d|(Katekhong® Charoenrein,
2012), A% 39 * A= Ax AeHEY Ay og St
styou, At EEjElE 0.13% 77 7R
A Q1 ZJolE HolA] ek, 0.27% ol 7= A5
T A7 foFo s e A s Bt o|2H &
g AR A9 Az Al Al E2HEY A7t AR A A
9] Aol Y PAA FARE A T A Hrol=

8 2aa —&— nitial
—O— After 3 days

Hardness (N)
]

KNSR 3 &

Apple polyphenols (%)

Fig. 3. Hardness of corn starch gels added with different
concentrations of apple polyphenols. Values represent the
meanitstandard deviation (SD) (n=3). The means with a
different letter are significantly different by Duncan’s multiple
range test (p<0.05).
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3.4. In vitro Agl50) O/x[= F&F

At E2HE] A7FES gYoto] AR S AR
A9 in vitro £3589 HAEE g-amylase o5 v

3083} G0 T TUY ko2 7tz 243 AT Fig,
494 2}, ST 2 WS Algto] Zojid wet St
stelom, At EEHEs M7 FE70 HIs) R
g dFS E‘”‘E}. A7Vl TebAl= 0.27% H7H7F
ol whof, 11 ool M7kt of
.S, & AR} eallic acid?

o

N
_r,

B
b
oY, d
ocﬁg

o _11.11 r

o ol r_‘.% rir
w EM
Mo oy i

tlo mjn

o
)
41

A4 ﬁ%‘é*é Siet 23tas 24 Asf]
9] 28k5o] Aol=H(Chi &, 2019), &5 A
2ol 2"l A7t sk JEH R £5ks0] dAEE A
o= HuH vt QtkMa 5, 2019). wehA &5 AR
A9 g-amylase 28+ AR EF]HlE] 9 A==
Aoz g,

)
Hm

3.5. 0|50 0/x/= Fgf

At Eelvlise] At 9 84 AR A9 BA-ohE

18r —— 30 min
—O— 60 min

Reducing sugars (mg/mL)
0

0 PR 1 1 1

PN > ©
Q% Q"\ Q‘} ° S

Apple polyphenols (%)

Fig. 4. In vitro digestibility of corn starch gels added with
different concentrations of apple polyphenols. Values
represent the meanzstandard deviation (SD) (n=3). The means
with a different letter are significantly different by Duncan’s
multiple range test (p<0.05).
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ol W2 ol4-82 24 AT Fig. 59 Ytk
o FA-5h5 W 947 goldhE Sk 7
]

L.

=2 oleE B, A }%Ol 0.27%7H A= "47}‘“*01] H]
#5to] o]go] &M= Aol o, 1 ol HkF
oAl Aulet zlolg Bk HE A o]&=g9] F7H=
SA-f5el WE FAx ol 7]olE AR dHA
AeH(Wang 5, 2013), 23} S A2 A9 ol
acetic acid®] H7tol| s} 270l FLEF o] o]E&0]
Z7Fel= Aoz Hid v Itk (Majzoobi 5, 2016). ©]
BN S5 AR A olpg T B2 Al EYs
I} MEo] ¥} 7et WATZ P4 ol Aoz A7ty
HChou 5, 2019).

ool BE AIE Bt At R EElEY A7t
7t BE QEHOE S HE A M pH, Bk, &
3Fs, ol& 5ol HIA= Fgol ERl=I Al E2
=9 F7hs S5 AR A9 Ag AWl ii’%@r
pH % £3Fs2 W33 oj¢&2 &0l avs Y
ER AR 5 A7t oAl afte THle AoR L}E}ﬁ
oh. ol=fet Avks A EFHlE HAE 28 ¥ 2o
A 88 7|2ARRE AAA L, St AR EFvE-A

80
a a a
a a a
c.lpb =X
L 3
70 ¥ =4
Y a a a
c a a a
60 d b rOx el
§ C
» 50F d
0
5
L a a
g 40 b = a -
[7) d =
30 F —&— | freeze-thaw cycle
—O— 2 freeze-thaw cycle
—w— 3 freeze-thaw cycle
20 | —— 4 freeze-thaw cycle
—— 5 freeze-thaw cycle
10 PR '
S P O A % ©
INECEN o¥ N N

Apple polyphenols (%)

Fig. 5. Syneresis of corn starch gels added with different
concentrations of apple polyphenols. Values represent the
meanitstandard deviation (SD) (n=3). The means with a
different letter are significantly different by Duncan’s multiple
range test (p<0.05).
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A Z2jEE9] H7PF S AR A9 4 EAI
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0.27%, 053% 1.06%)0] HEE 225 A8 Ao A7)st
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A% A9] Fmo] At Bl el 3 A A%
150l Holx] ghgrout, A% Fol 0.27% ol A7t
TN Ax 2717 AABS B Az Seli 0.27%

It rlo r{m ;R

N

A7V A= 45 A& A9 e-amylased] 3t A%k
AAAZ1L, A9l 4 5] T olee2 FHA =

w38 B}, 1 o4o] SEAAE 2 Xjo]S Hol
ottt ol =AM, At Befulso] 844 M| B A
o 4 B4l HAE Japol FEHUL, ol At Bel
W3 A7 Bolold] 712 ug B89 Ao /|y

)
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